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DQG S+ QHXWUDOL]DWLRQ 6WRFN VROXWLRQV RI $O QLWUDWH  P0
$O,,, S+  DQG '0+3  P0 ZHUH DOVR SUHSDUHG DV
SUHYLRXVO\ GHVFULEHG >@ $ VROXWLRQ FRQWDLQLQJ  P0 
'0+3$OFRPSOH[ZDV WKHQSUHSDUHG LQP00236EXIIHU
S+E\PL[LQJHTXDOYROXPHVRIWKH$O,,,DQG'0+3VWRFN
VROXWLRQV $OLTXRWV RI WKLV VROXWLRQ ZHUH WKHQ WLWUDWHG ZLWK WKH
SRO\PHULFVLOLFDVROXWLRQRUWKHFRPPHUFLDO/XGR[VLOLFDFROORLGV
RI YDU\LQJ PHDQ SDUWLFOH VL]H 7KH  '0+3$O FRPSOH[ 
0P00236S+ZLWKSRO\PHULF VLOLFD ±P0RU
/XGR[ VLOLFD FROORLGV ± P0 6L ZHUH LQFXEDWHG DW URRP
WHPSHUDWXUHIRUKSULRUWRFROOHFWLRQRI89VSHFWUDEHWZHHQ
± QP RQ D /.% %LRFKURP 8OWUDVSHF ,,
VSHFWURSKRWRPHWHU 3KDUPDFLD %LRWHFK 8. DW & DQG
XVLQJ D  PO IDU89 TXDUW] FXYHWWH $EVRUEDQFH DW  QP
+LJK$OXPLQXP$IILQLW\6LOLFD1DQRSDUWLFOHV
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ZDV H[WUDSRODWHG DQG FRUUHFWHG IRU EDFNJURXQG LQWHUIHUHQFHV
E\VXEWUDFWLQJWKHDEVRUEDQFHDWQP
&RPSHWLWLRQEHWZHHQ+63DQGKXPDQDSRWUDQVIHUULQIRU
DOXPLQXPELQGLQJ$O17$P0LQP00236EXIIHU
S+ZDVSUHSDUHGE\PL[LQJDOLTXRWVRIWKHVWRFNVROXWLRQV
RI$OQLWUDWHQRQDK\GUDWHP0S+DQG17$P0LQD
 $O17$ UDWLR LQ  P0 0236 EXIIHU DQG WKH S+ ZDV
DGMXVWHG WR  +XPDQ DSRWUDQVIHUULQ ± PJP/ ZDV
SUHSDUHG E\ GLVVROYLQJ WKH VROLG LQ  P0 0236 EXIIHU S+
7KLVVROXWLRQZDVVWRUHGDW&6RGLXPELFDUERQDWH±
 P0 ZDV IUHVKO\ SUHSDUHG MXVW SULRU WR XVH LQ  P0
0236EXIIHUDQGS+DGMXVWHG WRZLWK1+&O3RO\PHULF
VLOLFD VROXWLRQ  P0 6L  P0 0236 S+  FRQWDLQLQJ
+63 ZDV SUHSDUHG DV GHVFULEHG DERYH DQG DJHG IRU  K DW
URRP WHPSHUDWXUHSULRU WRXVH0RQRVLOLFLFDFLG P0
P00236S+ZDVSUHSDUHGDVSUHYLRXVO\GHVFULEHG>@
DQGDJHGIRUKDWURRPWHPSHUDWXUHSULRUWRXVH8OWUDYLROHW
89 VSHFWUD ± QP ZHUH UHFRUGHG RQ D &DU\ 
899LV VSHFWURSKRWRPHWHU 9HUVLRQ  9DULDQ XVLQJ D VFDQ
UDWHRIQPPLQDQGGDWDFROOHFWLRQLQWHUYDORIQP
7R GHWHUPLQH WKH DPRXQW RI $O17$ UHTXLUHG WR JHW
VDWXUDWHG ELQGLQJ RI DSRWUDQVIHUULQ ZLWK $O,,, KXPDQ DSR
WUDQVIHUULQ  PJP/ RU a  ȝ0 LQ  P0 VRGLXP
ELFDUERQDWHDQGP00236EXIIHUS+ LQWKHFOHDQHG
TXDUW] FXYHWWH ZDV WLWUDWHG ZLWK WKUHH PROH HTXLYDOHQWV RI
$O17$ 6SHFWUD ZHUH UHFRUGHG EHWZHHQ ± QP XVLQJ
PJODSRWUDQVIHUULQ LQP0VRGLXPELFDUERQDWHDQG
P0 0236 EXIIHU S+  DV UHIHUHQFH 7KH FRPSOHWH
H[SHULPHQWZDVUHSHDWHGLQWULSOLFDWH
$ VWRFN VROXWLRQRI WKH$OWUDQVIHUULQ FRPSOH[  ȝ0$O,,,
DQGPJP/RUȝ0DSRWUDQVIHUULQZDVSUHSDUHGE\
PL[LQJDOLTXRWVRIWKHVWRFNVROXWLRQVRIKXPDQDSRWUDQVIHUULQ
DQG$O17$LQP0VRGLXPELFDUERQDWHDQGP00236
EXIIHUS+$OLTXRWVRIWKH$OWUDQVIHUULQFRPSOH[ZHUHWKHQ
WLWUDWHG VHSDUDWHO\ ZLWK SRO\PHULF DQG PRQRPHULF VLOLFD
VROXWLRQV ± P0 6L S+  6ROXWLRQV ZHUH HTXLOLEUDWHG DW
URRP WHPSHUDWXUH IRU  K RQ D UROOHU PL[HU  USP EHIRUH
FROOHFWLRQ RI 89 VSHFWUXP EHWZHHQ ± QP XVLQJ DSR
WUDQVIHUULQPJP/LQP0VRGLXPELFDUERQDWHDQG
P00236EXIIHU S+ >/RQJHUDQGVKRUWHUHTXLOLEUDWLRQ
SHULRGVZHUHLQYHVWLJDWHGDQGKZDVGHHPHGPRVWVXLWDEOH@
7KHFRPSOHWHH[SHULPHQWZDVUHSHDWHGLQWULSOLFDWH
&KDUDFWHUL]DWLRQ RI +63 DQG $63 E\ HOHFWURQ
PLFURVFRS\  3RO\PHULF VLOLFD VROXWLRQ  P0 6L DW S+ 
FRQWDLQLQJ+63ZDVSUHSDUHGDVGHVFULEHGDERYHEXWZLWKRXW
0236EXIIHUDQGDJHGIRUKDWURRPWHPSHUDWXUH$OXPLQXP
QLWUDWH  P0 S+  ZDV SUHSDUHG DV SUHYLRXVO\ GHVFULEHG
IURP WKH $O QLWUDWH QRQDK\GUDWH VDOW >@ $Q DOLTXRW RI WKH
SRO\PHULF VLOLFD VROXWLRQ ZDV WKHQ PL[HG ZLWK  ȝ0 $O QLWUDWH
S+DQGS+DGMXVWHGWR7KHVROXWLRQPL[WXUH06L
	ȝ0DGGHG$O,,,ZDVDJHGIRUKDWURRPWHPSHUDWXUH
DIWHUZKLFKDGURSZDVDLUGULHGRQ7(0FRSSHUJULGVFRDWHG
ZLWKDKROH\FDUERQVXSSRUW$JDU6FLHQWLILF8.$GURSRIWKH
GLOXWHG +63RQO\ FRQWDLQLQJ VROXWLRQ  0 6L ZLWKRXW
DGGHG$O,,,ZDVDLUGULHGRQVLPLODUKROH\FDUERQFRDWHG7(0
JULGV
7(0 LQYHVWLJDWLRQV ZHUH FDUULHG RXW XVLQJ D 3KLOLSV)(,
&0 ILHOG HPLVVLRQ JXQ )(*7(0 RSHUDWLQJ DW  NH9
DQG ILWWHG ZLWK D *DWDQ ,PDJLQJ )LOWHU *,)  DQG 2[IRUG
,QVWUXPHQWV 87: ,6,6 ;UD\ GHWHFWRU ('; %ULJKW ILHOG
LPDJHVZHUHGLJLWDOO\DFTXLUHGZLWKD&&'FDPHUDZLWKî
 SL[HOV %XON HQHUJ\ ORVV VSHFWUD ZHUH DFTXLUHG LQ
GLIIUDFWLRQPRGH LPDJHFRXSOHG IURPDQDUHDGHILQHGE\ WKH
VPDOOHVW6$('DSHUWXUHDSSUR[LPDWHO\QPLQGLDPHWHUDW
WKHLPDJHSODQHZLWKDFROOHFWLRQVHPLDQJOHRIPUDGDQGD
FRQYHUJHQFH VHPLDQJOH RI DSSUR[LPDWHO\  PUDG (OHFWURQ
HQHUJ\ ORVV HQHUJ\ILOWHUHG HOHPHQWDO PDSSLQJ RI WKH
DOXPLQRVLOLFDWHVZDVFDUULHGRXWZLWKDH9HQHUJ\ VHOHFWLQJ
VOLWDQGDQREMHFWLYHDSHUWXUHLQVHUWHGaPUDGFROOHFWLRQVHPL
DQJOH
7KH 67(0 ZRUN ZDV SHUIRUPHG XVLQJ DQ DEHUUDWLRQ
FRUUHFWHG GHGLFDWHG 67(0 6XSHU67(0  'DUHVEXU\
/DERUDWRULHV8.ZLWKFROGILHOGHPLVVLRQILODPHQWRSHUDWLQJDW
NH9H97KHPLFURVFRSHZDVHTXLSSHGZLWKD*DWDQ
(QILQD ((/ VSHFWURPHWHU D &&' FDPHUD DQG 'LJLWDO
0LFURJUDSK '0  ZLWK *DWDQ 0LFURVFRS\ 6XLWH *06
XVHGIRUVFDQFRQWURODQGGDWDDFTXLVLWLRQ6XSHU67(0
FRPELQHV D EDVH PLFURVFRSH QDPHO\ D 9* +%  )(*
67(0 ZLWK D 1,2170 &V FRUUHFWRU 7KH HOHFWURQ EHDP
FRQYHUJHQFHVHPLDQJOHZDVPUDGDQGWKHFROOHFWLRQVHPL
DQJOHZDVPUDG7KHKLJKDQJOHDQQXODUGDUNILHOG+$$')
GHWHFWRU JDWKHUV HOHFWURQV VFDWWHUHG WKURXJK D VHPLDQJOH
UDQJH RI  WR  PUDG 7KH PLQLPXP SUREH VL]H W\SLFDOO\
REWDLQHGZLWKWKLVPLFURVFRSHLVc+LJKUHVROXWLRQ+$$')
LPDJHV  î  SL[HOV ZHUH GLJLWDOO\ DFTXLUHG XVLQJ D
*DWDQ'LJLVFDQXQLWIRUEHDPFRQWURODQGWKHSKRWRPXOWLSOLHURI
D PRGLILHG 9DFXXP *HQHUDWRUV +$$') GHWHFWRU IRU VLJQDO
FROOHFWLRQ (OHFWURQ HQHUJ\ ORVV VSHFWUD DQG HQHUJ\ILOWHUHG
HOHPHQWDO PDSV ZHUH UHFRUGHG XVLQJ WKH 6SHFWUXP ,PDJLQJ
7HFKQLTXH
&KDUDFWHUL]DWLRQ RI $63 IRUPDWLRQ E\ UHDFWLRQ UDWH
PHWKRG7KHLQWHUDFWLRQEHWZHHQDOXPLQXPDQG+63WRIRUP
$OULFK VLOLFD QDQRSDUWLFOHV $63 ZDV LQYHVWLJDWHG E\ WKH
PRO\EGLF DFLG UHDFWLRQ UDWH PHWKRG 6ROXEOH VLOLFD UHDFWV ZLWK
PRO\EGLFDFLG WR IRUPDFRORUHGȕVLOLFRPRO\EGLFDFLGFRPSOH[
>@ 7KH IRUPDWLRQ RI WKLV FRORUHG ȕVLOLFRPRO\EGLF DFLG
FRPSOH[ IROORZV D SVHXGR ILUVW RUGHU UHDFWLRQ IRU ERWK
PRQRPHULF DQG SRO\PHULF VLOLFD 7KH UHDFWLRQ UDWH LV WZR WR
WKUHHRUGHUVRIPDJQLWXGHKLJKHUIRUPRQRPHULFVLOLFDUHDFWLRQ
UDWH NP    PLQ FRPSDUHG WR WKH SRO\PHULF VLOLFD UHDFWLRQ
UDWH NS ,Q DGGLWLRQ WKH ORZHU WKH YDOXH RI NS WKH KLJKHU WKH
SRO\PHUL]DWLRQGHJUHHRIWKHSRO\PHULFVLOLFD>@
$SRO\PHULFVLOLFDVROXWLRQFRQWDLQLQJ+63ZDVSUHSDUHGDV
GHVFULEHG DERYH DQG DJHG IRU  K $Q DOLTXRW RI WKLV +63
VROXWLRQZDV WKHQGLOXWHG LQȝ0$O,,,QLWUDWH S+DQGS+
DGMXVWHGWRDWURRPWHPSHUDWXUH7KHVROXWLRQPL[WXUH
06LDQGȝ0$O,,,S+ZDVDQDO\VHGIRUSRO\PHULFDQG
PRQRPHULFVLOLFDFRQWHQWDQGWKHSRO\PHUL]DWLRQGHJUHHRIWKH
VLOLFDRYHUDKRXUSHULRGRIDJHLQJ
'HYHORSPHQW RI WKH ȕVLOLFRPRO\EGLF DFLG FRPSOH[ ZDV
PHDVXUHG DW  QP ZLWK DQ 899,66SHFWURPHWHU 9DULDQ
&DU\RYHUDSHULRGRIPLQ7KHSURJUDP6,&$/&ZDV
XVHG WR HVWLPDWH WKH PRQRPHU DQG SRO\PHU VLOLFD FRQWHQW RI
WKH VROXWLRQ DV D ELPRGDO VL]H GLVWULEXWLRQ IURP WKH UHFRUGHG
GDWDDQGWKHWRWDO6LFRQFHQWUDWLRQ>@7RWDOFRQFHQWUDWLRQRI
+LJK$OXPLQXP$IILQLW\6LOLFD1DQRSDUWLFOHV
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VLOLFDZDVDQDO\]HGLQ+12DFLGLILHGVDPSOHVE\,&32(6
3HUNLQ(OPHU'9
5HVXOWV
&KDUDFWHUL]DWLRQRIWKH$OULFKVLOLFDSRO\PHU$63E\
UHDFWLRQUDWHPHWKRG
7KH SRO\PHULF VLOLFD FRQWHQW DQG SRO\PHUL]DWLRQ GHJUHH RI
$63LH LQ WKH$OFRQWDLQLQJ+63VROXWLRQZHUHDQDO\VHGE\
WKHȕVLOLFRPRO\EGDWHUHDFWLRQUDWHPHWKRGDVDIXQFWLRQRIWLPH
DIWHU SUHSDUDWLRQ DQG IRU XS WR  K 7KH SRO\PHULF VLOLFD
FRQWHQWRIWKHVROXWLRQUHPDLQHGFRQVWDQWDWPRO6LRI
WRWDOGLVVROYHGVLOLFDZLWKLQWKHDQDO\WLFDOXQFHUWDLQW\RIDERXW
 PRO 7KH UHPDLQLQJ VLOLFD  PRO 6L ZDV UHODWHG WR
PRQRPHULFVLOLFDFRQWHQW7KXVQRPHDVXUDEOHGHFRPSRVLWLRQ
RI$63ZLWKUHVSHFWWRSRO\PHULFVLOLFDFRQWHQWRFFXUUHGGXULQJ
WKHKSHULRGFRQILUPLQJRXUSUHYLRXVREVHUYDWLRQV>@7KH
UHDFWLRQ UDWHNS UDQJHG IURP WRPVZLWKDPHDQ
YDOXHRIPVLHZLWKLQDQDQDO\WLFDOXQFHUWDLQW\RI
DERXWVXJJHVWLQJWKDWWKHSRO\PHUL]DWLRQGHJUHHLVLQWKH
UDQJHRIKLJKSRO\PHULFVSHFLHV7DEOH>@VR7(067(0
ZHUHXVHGIRUIXUWKHUFKDUDFWHULVDWLRQDVQRWHGDERYHSDUWLFOH
VL]LQJDQG105DUHLQVXIILFLHQWO\VHQVLWLYHWRFKDUDFWHULVH$O6L
DWWKHVHGLOXWHFRQFHQWUDWLRQV
&KDUDFWHUL]DWLRQRI+63DQG$63E\HOHFWURQ
PLFURVFRS\
7(0 DQDO\VHV RI WKH DLUGULHG GLOXWH $63 PL[WXUH  ȝ0
$O,,,DQG06LS+UHYHDOHGDQDPRUSKRXVVLOLFDJHO
FRQWDLQLQJ SDUWLFXODWH PDWWHU )LJXUH $ 	 % +LJK UHVROXWLRQ
LPDJLQJ LQGLFDWHG D PHDQ GLDPHWHU RI    QP UDQJH
± QP Q  ZLWK D FU\VWDOOLQH VWUXFWXUH WR WKHVH $63
SDUWLFOHVDQGKHQFHWKHGDUNFRQWUDVWUHODWLYHWRWKHJHO)LJXUH
(ZLWKDWRPLF ODWWLFH IULQJHVEHLQJ UHDGLO\REVHUYHG )LJXUH
( (QHUJ\ 'LVSHUVLYH ;UD\ 6SHFWURVFRS\ ('; DQG
(OHFWURQ (QHUJ\ /RVV 6SHFWURVFRS\ ((/6 FRQILUPHG WKH
SUHVHQFH RI $O 6L DQG 2 LQ WKH VDPSOHV 7KH HOHPHQW
FKDUDFWHULVWLF HOHFWURQ GHQVLW\ PDSV JHQHUDWHG E\ ((/6
HQHUJ\ILOWHULQJ VKRZHG WKDW WKHVH GDUN SDUWLFXODWHV ZHUH $O
ULFKDQG FRORFDOLVHGZLWK6L )LJXUH&	'$GGLWLRQDOO\$O
ZDVFOHDUO\FRQILQHGWRWKHSDUWLFXODWHVDQGQRWDVVRFLDWHGZLWK
7DEOH  &KDUDFWHUL]DWLRQ RI $63 SRO\PHULF VLOLFD FRQWHQW
DQG UHDFWLRQ UDWH FRQVWDQW NS IRU WKH IRUPDWLRQ RI WKH ȕVLOLFRPRO\EGLF DFLG FRPSOH[ DV D IXQFWLRQ RI WLPH DIWHU
SUHSDUDWLRQ
7LPHK3RO\PHULFVLOLFDFRQWHQWPRO6L5HDFWLRQUDWHFRQVWDQWNSPV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:LWKUHVSHFWWRWRWDOGLVVROYHGVLOLFDP06L
GRLMRXUQDOSRQHW
WKHDPRUSKRXVJHO)LJXUH&7KHVKDSHRIWKH$ODQG6L/
((/6HGJHVODFNVKDUSLQWHQVLW\DWWKHHGJHRQVHWVVXJJHVWLQJ
WKDW$ODQG6LDUHPRVWO\WHWUDKHGUDOO\FRRUGLQDWHGSUHVXPDEO\
ZLWK R[\JHQ )LJXUH * >@ +RZHYHU WKH $O6L UDWLR RI WKH
SDUWLFXODWHVFRXOGQRWEHGHWHUPLQHGGXHWRWKH ODFNRIVSDWLDO
UHVROXWLRQ RI WKH LPDJHFRXSOHG ((/6 DFTXLVLWLRQ PHWKRG
HPSOR\HG KHUH 1DPHO\ WKH KLJK UHVROXWLRQ 7(0 DQDO\VHV RI
WKH $OULFK VLOLFD SDUWLFXODWHV ZHUH IURP D UHJLRQ  QP LQ
GLDPHWHU FRQWDLQLQJ ERWK DPRUSKRXV VLOLFD JHO DQG SDUWLFOHV
7KXV TXDQWLWDWLRQ RI WKH $O6L UDWLR RI WKH SDUWLFOHV DQG JHO
ZRXOG JUHDWO\ RYHUHVWLPDWH WKH 6L FRQWHQW RI WKH SDUWLFOHV
0RUHRYHU HYHQ ZLWK WDUJHWHG DQDO\VLV WKHUH LV VRPH
XQFHUWDLQW\ LQ WKLV UDWLR GXH WR WKH GLIILFXOW HVWLPDWH RI WKH
EDFNJURXQGVXEWUDFWLRQRIWKHRYHUODSSLQJ$ODQG6L/HGJHV
,W VKRXOG EH HPSKDVLVHG WKDW FDUHIXO DWWHQWLRQ ZDV SDLG WR
DYRLGLQJPLQLPLVLQJ EHDP GDPDJH DV ZH QRWHG WKDW DW KLJK
LQWHQVLW\ WKHKLJKHQHUJ\EHDPXVHG LQ WKHVHDQDO\VHVFRXOG
OHDGWRGDPDJHRIWKHVDPSOHDQGWKHDUWHIDFWXDOIRUPDWLRQRI
ODUJH a  QP $OFRQWDLQLQJ SDUWLFXODWHV ZLWK VRPH $O LQ
RFWDKHGUDO FRRUGLQDWLRQ )LJXUH)EDVHGRQ WKH LQFUHDVH LQ
LQWHQVLW\DWWKHHGJHRQVHWRIWKH$O/±((/6HGJHGDWDQRW
VKRZQ$QDO\VLVRI WKHFRUUHVSRQGLQJDLUGULHGGLOXWHG+63
RQO\FRQWDLQLQJVROXWLRQ06LZLWKRXWDGGHG$O,,,DWS+
 UHYHDOHG D PRWWOHG SDWWHUQ RI ILQH QDQRSDUWLFOHV   QP
DQG D FKLHIO\ DPRUSKRXV DSSHDUDQFH DOEHLW ZLWK RFFDVLRQDO
LQGLFDWLRQ RI FU\VWDOOLQLW\ )LJXUH 6 ('; DQDO\VLV FRQILUPHG
WKHSUHVHQFHRI6L2DQGWKHDEVHQFHRI$O$QDO\VLVRIWKH6L
/HGJHZDVFRQVLVWHQWZLWKWHWUDKHGUDOFRRUGLQDWHG6L
$EHUUDWLRQ FRUUHFWHG 67(0 RU 6XSHU67(0 ZLWK LWV
LQFUHDVHG UHVROXWLRQ DQG DQDO\WLFDO FDSDELOLWLHV  c SUREH
ZDV WKHQ XVHG IRU PRUH DFFXUDWH WDUJHWHG DQDO\VHV RI WKH
$63 $QDO\VHV FRQILUPHG DQ DPRUSKRXV JHO ZLWK FU\VWDOOLQH
QDQRSDUWLFXODWHV DSSUR[LPDWHO\    QP LQ GLDPHWHU
UDQJH±QPQ )LJXUH$	%$JDLQDOXPLQXPZDV
FRQVLVWHQWO\IRXQGWREHFRQILQHGWRWKHFU\VWDOOLQHSDUWLFXODWHV
DQG WKH VKDSH RI WKH $O /((/6 HGJH VXJJHVWHG $O WR EH
SUHVHQW LQ WHWUDKHGUDO FRRUGLQDWLRQ )LJXUH &( >@
4XDQWLILFDWLRQRI WKH((/VVSHFWUDHVWLPDWHG WKH$O6L UDWLRRI
WKH SDUWLFOHV WR EH EHWZHHQ  DQG  DYHUDJH  WKH
UHODWLYHO\EURDG UDQJHEHLQJSDUWO\JRYHUQHGE\ WKHVHQVLWLYLW\
WR WKHEDFNJURXQGVXEWUDFWLRQXVHG IRU WKHVH LQKHUHQWO\ZHDN
VLJQDOWREDFNJURXQG LRQL]DWLRQ HGJHV $WRPLF ODWWLFH VSDFLQJ
GVSDFLQJ YLVLEOH LQ LPDJHV RI WKH LQGLYLGXDO FU\VWDOOLQH
QDQRSDUWLFXODWHV ZDV PHDVXUHG DQG YDULHG EHWZHHQ  DQG
c)LJXUH
6LQFHWKHVHGDWDVXJJHVWHGVXUIDFH$OELQGLQJE\YHU\VPDOO
VLOLFDFOXVWHUVQDQRSDUWLFOHVZHWKHUHIRUHQH[WFDOLEUDWHG$O,,,
ELQGLQJRI+63DJDLQVWVLOLFDQDQRSDUWLFOHVRINQRZQVL]HV
$OXPLQXPELQGLQJE\+63FRPSDUHGZLWKFRPPHUFLDO
VLOLFDFROORLGV
7KH '0+3$O FRPSHWLWLRQ DVVD\ FRQILUPHG RXU SUHYLRXV
ILQGLQJVWKDW+63FRPSHWHVHIIHFWLYHO\ZLWK'0+3ORJ.HII
DWS+ 0.&ODQG& IRUDOXPLQXP)LJXUH
$$WWRWDO6LFRQFHQWUDWLRQVRIaP0DOORIWKH$O,,,ZDV
GLVSODFHGIURPWKH'0+3$OFRPSOH[DQGZDVERXQGWR+63
,QFRPSDULVRQ WKHFRPPHUFLDO/XGR[VLOLFDFROORLGV ±QP
LQ GLDPHWHU FRPSHWHG OHVV HIIHFWLYHO\ DQG KLJKHU
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DQGKLJKPDJQLILFDWLRQ %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HQHUJ\ILOWHUHGHOHPHQWDOPDSSLQJVKRZHGWKHVHGDUNSDUWLFXODWHV WREH$OULFK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EODFN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UHGXVHGWR
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
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0$O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0 6L S+  E\ DEHUUDWLRQ FRUUHFWHG VFDQQLQJ WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 6XSHU67(0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/HGJH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LW LV FOHDU WKDW$O LVFRQILQHG WR WKHSDUWLFXODWHVDQG WKHUH LV OLWWOHRUQR$O LQ WKHJHO (6KRZVDVHULHVRI$ODQG6L/HGJHV
REWDLQHGIROORZLQJDOLQHVFDQDFURVVDSDUWLFOHLQVHUWHGLPDJHFRQILUPLQJOLWWOH$O LQWKHJHOEODFNOLQHVSHFWUDKLJKHUOHYHOVLQ
WKHSDUWLFOHDQGWKHSUHVHQFHRI6LLQWKHSDUWLFOHVSHFWUDRQWKHSDUWLFOHDUHFRORUHGUHG
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FRQFHQWUDWLRQV P06LZHUH UHTXLUHG WRGLVSODFH$O,,,
IURP WKH '0+3$O FRPSOH[ )LJXUH $ $ WUHQG ZLWK PHDQ
SDUWLFOHVL]HRUVSHFLILFVXUIDFHDUHDZDVREWDLQHGVXFKWKDW
WKHVPDOOHUWKHSDUWLFOHWKHJUHDWHUWKH$OELQGLQJ,QGHHGZKHQ
WKH $O ELQGLQJ FXUYHV RI WKH WKUHH /XGR[ VLOLFD FROORLGV LQ
)LJXUH $ ZHUH UHSORWWHG LQ WHUPV RI VSHFLILF VXUIDFH DUHD
UDWKHU WKDQ 6L FRQFHQWUDWLRQ WKH WKUHH FXUYHV RYHUODLG HDFK
RWKHU)LJXUH%$VVXPLQJVLPLODUDFWLYH$O,,,ELQGLQJVLWHV
WKHVH UHVXOWV VXJJHVWHG WKDW WKH +63 KDV D KLJKHU VSHFLILF
VXUIDFH DUHD DQG WKXV D VPDOOHU PHDQ SDUWLFOH VL]H WKDQ DOO
WKUHHRI WKH/XGR[VLOLFDFROORLGV LQYHVWLJDWHG LQFOXGLQJ60
WKHVPDOOHVW/XGR[VLOLFDFROORLGQPLQGLDPHWHUPJ
,WZDVHVWLPDWHGIURP)LJXUH$E\FRPSDULQJWKHVWDUWRIWKH
SODWHDXSKDVHVLHWKHFRQFHQWUDWLRQRI6LUHTXLUHGWRDFKLHYH
FRPSOHWHELQGLQJRI$OE\WKHVLOLFDFROORLGVDQGP0
UHVSHFWLYHO\IRU+63DQG60WKDW+63LVWLPHVVPDOOHU
LQGLDPHWHUWKDQ60LH+63KDVDPHDQSDUWLFOHGLDPHWHU
RI QPDQGD VSHFLILF VXUIDFHDUHDRI DERXWP J
+HQFH ZKHQ WKH $O,,, ELQGLQJ FXUYH RI +63 ZDV UHSORWWHG
XVLQJ WKH HVWLPDWH RI LWV VSHFLILF VXUIDFH DUHD LW RYHUODLG WKH
$O,,,ELQGLQJFXUYHREWDLQHGIRUWKHWKUHH/XGR[VLOLFDFROORLGV
)LJXUH&
2XU GDWD FRQILUPV WKDW +63 FRPSHWHV HIIHFWLYHO\ IRU $O,,,
ZLWKDORJ.HII!DWS+LH!$O,,,ELQGLQJWKDQ'0+3
DQGHVWLPDWHG WREHDWS+DQG& LQRXUSUHYLRXV
VWXGLHV>@DQGZKLOVWZHGRQRWNQRZZKDWELRORJLFDOELQGLQJ
VLWHV +63 FRXOG SRWHQWLDOO\ FRPSHWH IRU WUDQVIHUULQ KDV WKH
KLJKHVWNQRZQ$O,,,ELQGLQJLQYLYR+HQFHRXUIXUWKHUVWXGLHV
LQYHVWLJDWHG FRPSHWLWLRQ IRU $O,,, ELQGLQJ EHWZHHQ WKHVH
VSHFLHV
&RPSHWLWLRQEHWZHHQ+63DQGKXPDQDSRWUDQVIHUULQ
IRUDOXPLQXPELQGLQJ
7UDQVIHUULQ WKH LURQELQGLQJ DQG RWKHU PHWDOELQGLQJ
WUDQVSRUW SURWHLQ DOVR KDV KLJK DIILQLW\ IRU DOXPLQLXP ORJ .HII
± DW S+  >@ ZLWK VSHFLILF ELQGLQJ VLWHV DW WKH 1
DQG& WHUPLQXVDQGDGHJUHHRIQRQVSHFLILFVXUIDFHELQGLQJ
%DVHG XSRQ WKH DIILQLW\ RI +63 IRU $O,,, IURP RXU SUHYLRXV
ZRUN >@+63VKRXOG FRPSHWHHIIHFWLYHO\ZLWK WUDQVIHUULQ IRU
$O,,, ELQGLQJ 7KXV KXPDQ DSRWUDQVIHUULQ  PJPO ZDV
WLWUDWHG ZLWK $O17$ DW S+  DQG ZH FRQILUPHG WKDW 
PROHV RI $O,,, ZHUH UHTXLUHG SHU PROH RI DSRWUDQVIHUULQ WR
HQVXUH VDWXUDWHG ELQGLQJ )LJXUH  LQ DJUHHPHQW ZLWK RWKHU
SXEOLVKHGVWXGLHV >@7KHVKDSHRI WKHFXUYH)LJXUH%
LQGLFDWHVWKDW$O,,,RFFXSLHVERWKRIWKHELQGLQJVLWHVRIKXPDQ
DSRWUDQVIHUULQ7KLV$OWUDQVIHUULQFRPSOH[ZDVWKHQWLWUDWHG
ZLWKPRQRPHULFRUSRO\PHULFVLOLFD±P06LS+&
+63FRPSHWHGHIIHFWLYHO\ZLWKDSRWUDQVIHUULQIRU$O,,,DQGDW
)LJXUH$WRPLFODWWLFHVSDFLQJRIWKH$OULFKVLOLFDFRQWDLQLQJQDQRSDUWLFOHV$KLVWRJUDPRIODWWLFHSODQHVSDFLQJPHDVXUHG
WRWKHQHDUHVWcIURPLQGLYLGXDOFU\VWDOOLWHV$OULFKVLOLFDFRQWDLQLQJQDQRSDUWLFOHV$63LQ+$$')67(0DQG%)7(0
LPDJHV ,QVHUW VKRZV PHDVXUHPHQW RI WKH ODWWLFH VSDFLQJ LQ D 67(0 LPDJH IURP )LJXUH % &RPSDULVRQ RI PHDVXUHG ODWWLFH
VSDFLQJ WR VWDQGDUG ;UD\ GLIIUDFWLRQ GDWD WDNHQ IURP WKH ,QWHUQDWLRQDO &U\VWDO 'LIIUDFWLRQ 'DWDEDVH ,&'' SURGXFHG QR FOHDU
PDWFKWRDVSHFLILFSKDVHVHHWH[W
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)LJXUH &RPSDULVRQRI$OELQGLQJDIILQLW\RIWKHKLJK$O
DIILQLW\VLOLFDSRO\PHUZLWKFRPPHUFLDO/XGR[FROORLGV$
&RPSHWLWLYH ELQGLQJ RI $O,,, IURP WKH '0+3$O FRPSOH[ 
0S+E\WKHKLJK$ODIILQLW\VLOLFDSRO\PHU+63DQGWKH
FRPPHUFLDO /XGR[ VLOLFD FROORLGV ZDV DVVHVVHG DW  QP E\
PHDVXULQJ WKH DPRXQW RI IUHH '0+3 OLEHUDWHG LQ VROXWLRQ
7KHVHUHVXOWVVXJJHVWDUHODWLRQVKLSEHWZHHQ$OELQGLQJDIILQLW\
DQG SDUWLFOH VL]H DV 60  QP KDG KLJKHUJUHDWHU DIILQLW\
WKDQ/6QPZKLFKLQWXUQKDGJUHDWHUDIILQLW\WKDQ70
 QP % 7R FRUUHFW IRU GLIIHUHQFHV LQ SDUWLFOH VL]H WKH $O
ELQGLQJ FXUYHV IRU WKH /XGR[ VLOLFD FROORLGV ZHUH UHSORWWHG LQ
WHUPV RI WRWDO VXUIDFH DUHD 7KH UHG OLQH VKRZV WKH EHVW ILW
WKURXJK WKH GDWD SRLQWV )URP $ LW ZDV HVWLPDWHG WKDW RXU
SRO\PHULFVLOLFDZDVWLPHVVPDOOHUWKDQWKHVPDOOHVW/XGR[
FROORLG 60  QP 7KLV HVWLPDWH IRU SRO\PHULF VLOLFD ZDV
FRQILUPHGLQ&XSRQUHSORWWLQJWKH$OELQGLQJFXUYHLQWHUPV
RIVXUIDFHDUHD VTXDUHV7KH UHG OLQHVKRZV WKHEHVW ILW OLQH
IRU WKH/XGR[VLOLFDFROORLGVDVVKRZQLQ%5HVXOWVDUHWKH
PHDQ6'RIWZRH[SHULPHQWVLQWULSOLFDWH
GRLMRXUQDOSRQHJ
 P0 WRWDO 6L LW FRPSOHWHO\ GLVSODFHG $O,,, IURP WKH $O
WUDQVIHUULQFRPSOH[)LJXUH,QFRPSDULVRQPRQRPHULFVLOLFD
EDUHO\FRPSHWHGIRU$O,,,DWFRQFHQWUDWLRQVP06L)LJXUH
+RZHYHUDWKLJKHUFRQFHQWUDWLRQV!P06LµPRQRPHULF
VLOLFD¶FRPSHWHGPRUHHIIHFWLYHO\ZLWKDSRWUDQVIHUULQ)LJXUH
SUHVXPDEO\ GXH WR LWV SRO\PHUL]DWLRQ DQG VRPH IRUPDWLRQ RI
+63 ZKLFK RFFXUV DERYH WKLV FULWLFDO VROXELOLW\ OHYHO RI a 
P0DPRUSKRXVVLOLFD>@
'LVFXVVLRQ
3UHYLRXVO\ FKDUDFWHUL]DWLRQ RI WKH KLJK$ODIILQLW\ VLOLFD
SRO\PHU+63UHYHDOHGDVLOLFD µROLJRPHU¶ZLWK IHZHU WKDQ
6LDWRPVDQGZLWKDORJ.HIIIRU$O,,,DWS+RIDWOHDVWRQH
PLOOLRQ WLPHV JUHDWHU WKDQ PRQRPHULF VLOLFD >@ 7KLV VLOLFD
ROLJRPHU FRPSHWHG HIIHFWLYHO\ IRU $O,,, ZLWK WKH HQGRJHQRXV
FKHODWRU FLWUDWH )XUWKHUPRUH ELQGLQJ RI $O,,, VWDELOLVHG WKH
GLOXWHVLOLFDROLJRPHUWRZHOOEHORZWKHVLOLFDGHSRO\PHULVDWLRQ
ERXQGDU\P0WRWDO6L>@,QWKLVZRUNRXUFRPSDUDWLYH
VWXGLHV ZLWK VSHFLILFDOO\VL]HG VLOLFD SDUWLFOHV ZKLFK ZHUH
VXSSRUWHG E\ HOHFWURQ PLFURVFRS\ GDWD UHYHDO WKDW WKH VLOLFD
µROLJRPHU¶ LV D QDQRSDUWLFOH RI a  QP GLDPHWHU :H DOVR
FRQILUPLWVKLJKDIILQLW\IRU$O,,,DQGVKRZWKDWXQGHUWKHGLOXWH
FRQGLWLRQV GHVFULEHG  UHPDLQV QDQRSDUWLFXODWH LH
VWDELOL]HG E\ $O,,, IRU !  KRXUV LQ HTXLOLEULXP ZLWK
PRQRPHULFVLOLFD 6L2+0RUHRYHUZHDOVRQRZVKRZ WKDW
+63 FRPSHWHV HIIHFWLYHO\ ZLWK WUDQVIHUULQ IRU $O,,, DQG
FRPSOHWHO\ GLVSODFHV $O,,, IURP WKH $OWUDQVIHUULQ FRPSOH[ a
ȝ0DWWRWDO6LFRQFHQWUDWLRQVaP0)LQDOO\RXUGDWD
LQGLFDWH WKDW +63¶V LQWHUDFWLRQ ZLWK $O,,, UHVXOWV LQ WKH
IRUPDWLRQRIFU\VWDOOLQH$OULFKVLOLFDQDQRSDUWLFOHV$63ZLWKD
PHDQGLDPHWHURIDSSUR[LPDWHO\QPDQHVWLPDWHG$O6LUDWLR
EHWZHHQ  DQG  DQG DQ DWRPLF ODWWLFH VSDFLQJ EHWZHHQ 
DQGc7KHHYLGHQFHWKDW+63DQGLWVUHDFWLRQSURGXFWZLWK
$O,,, $63DUH ILQHQDQRVL]HGFROORLGVPD\DOVRH[SODLQ WKH
ODFN RI DEVRUSWLRQ RI +63 DQG $63 LQ WKH KXPDQ
JDVWURLQWHVWLQDO WUDFW >@ ZKLFK ZDV LQ PDUNHG FRQWUDVW WR
VROXEOHVLOLFD6L2+
2XUDQDO\VHVWKXVFOHDUO\FRQILUPWKHKLJKDIILQLW\RIWKH+63
IRU$O,,,3UHYLRXVO\>@DORJ.HIIRIDWS+
ZDVFDOFXODWHG IRU WKH LQWHUDFWLRQRI+63ZLWK$O,,,ZKLFK LV
VLPLODUWRWKHELQGLQJRI$O,,,E\KXPDQDSRWUDQVIHUULQORJ.HII
DQGDWS+ >@DQG WKXVH[SODLQV WKHHDVHDQG
DELOLW\RI+63WRFRPSHWHZLWKKXPDQDSRWUDQVIHUULQIRU$O,,,
&RPSOHWHELQGLQJRIȝ0$O,,,E\+63ZDVREVHUYHGDWa
±P0 WRWDO6LZKLFK LV DPXFKKLJKHU FRQFHQWUDWLRQ WKDQ
WKHȝ0 WUDQVIHUULQ+RZHYHU WKH+63 WKDW FRPSHWHV IRU
DQG ELQGV $O,,, LV RQO\ D VPDOO IUDFWLRQ RI WKH WRWDO 6L LQ WKH
SRO\PHULF VLOLFD VROXWLRQ DERXW  VHH EHORZ  7(067(0
VWXGLHV KHUH VKRZHG WKDW PXFK RI WKH SRO\PHULF VLOLFD ZLWKLQ
$63 RFFXUV DV DQ DPRUSKRXV JHO ZLWK OLWWOH DVVRFLDWHG $O,,,
ELQGLQJ ± VR HVWLPDWHV FDQ RQO\ EH PDGH EDVHG XSRQ ERXQG
$O6L UDWLRV$W0 WRWDO6L WKHERXQG$O,,, UHVXOWV LQDQ
DYHUDJH$O6L UDWLRRI67(0GDWDVXJJHVWLQJ WKDWRQO\
ȝ06LWRWKHWRWDO6LZDVDVVRFLDWHGZLWKWKHȝ0
$O,,,)LJXUH
7KHUHGLVVROXWLRQRI+63LVJUHDWO\UHGXFHGE\ELQGLQJWUDFH
DPRXQWVRI$O,,, WR IRUP$63 ,W LV NQRZQ WKDW VROXEOH$O,,,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LQKLELWV WKHGHFRPSRVLWLRQRISRO\PHULFVLOLFDDQG UHGXFHV WKH
VROXELOLW\ RI DPRUSKRXV VLOLFD LQ ZDWHU >@ $OXPLQXP
DGVRUEVRQWRWKHVLOLFDVXUIDFHDQGSUHYHQWVDWWDFNE\K\GUR[\O
LRQV >@ +HUH WKH DGGLWLRQ RI YHU\ ORZ FRQFHQWUDWLRQV RI
$O,,,0LQKLELWHGWKHGHFRPSRVLWLRQGHSRO\PHULVDWLRQRI
WKH+63DWS+DQGDW>6L@P0LHEHORZWKHVROXELOLW\
OLPLWIRUDPRUSKRXVVLOLFD7KHSRO\PHULFVLOLFDFRQWHQW
PRO6LRIWRWDOGLVVROYHGVLOLFDUHPDLQHGXQFKDQJHGWKURXJK
WKHKSHULRGDIWHUSUHSDUDWLRQ,W LVLPSRUWDQWWRQRWHWKDWLQ
WKHDEVHQFHRI$O,,,RI WKHSRO\PHULFVLOLFDZRXOGKDYH
)LJXUH$OXPLQXPELQGLQJE\KXPDQDSRWUDQVIHUULQ$89DEVRUSWLRQVSHFWUD±QPRIKXPDQDSRWUDQVIHUULQ
PJP/LQP0VRGLXPELFDUERQDWHDQGP00236EXIIHUS+WLWUDWHGZLWKLQFUHDVLQJFRQFHQWUDWLRQVRI$O,,,LQWKHIRUP
RI$O17$7KHDSSHDUDQFHRIDSHDNDEVRUEDQFHPD[LPDDWQPZDVREWDLQHGZLWK LQFUHDVLQJFRQFHQWUDWLRQVRI$O,,,$
OHVVHUSHDNEHWZHHQ±QPDQGDWURXJKEHWZHHQ±QPZHUHDOVRSUHVHQWDWWKHKLJKHU$O,,,FRQFHQWUDWLRQV
PJP/KXPDQDSRWUDQVIHUULQ LQP0VRGLXPELFDUERQDWHDQGP00236EXIIHU S+ZDVXVHGDV UHIHUHQFH %7KH
DEVRUEDQFHPD[LPDDWQPZDVH[WUDFWHGIURP$FRUUHFWHGIRUYDULDWLRQLQEDVHOLQHEDFNJURXQGDWQPDQGSORWWHGDJDLQVW
$O,,, FRQFHQWUDWLRQ 5HVXOWV DUH WKH PHDQ  6' RI WKUHH H[SHULPHQWV 'RWWHG OLQH VKRZV WKH FDOFXODWHG SRLQW RI WUDQVIHUULQ
VDWXUDWLRQ
GRLMRXUQDOSRQHJ
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GHSRO\PHULVHG WR PRQRVLOLFLF DFLG ZLWKLQ RQO\ RQH KRXU
HVWLPDWHG E\ '(32 DW & S+  >@ 7KH UHDFWLRQ UDWH
FRQVWDQW NS IRU WKH IRUPDWLRQ RI WKH ȕVLOLFRPRO\EGLF DFLG
FRPSOH[ IURP$63DOVR UHPDLQHGXQFKDQJHGGXULQJ WKHK
DQDO\VLV SHULRG VXJJHVWLQJ WKDW LQ WKH SUHVHQFH RI $O,,, WKH
W\SLFDO FRQGHQVDWLRQ UHDFWLRQ ZLWK UHVSHFW WR VLOLFD GRHV QRW
RFFXU)RU³SXUH´VLOLFDVSHFLHVN3FDQEHUHODWHGWRDQDYHUDJH
SDUWLFOHGLDPHWHUGLQQPE\WKHIROORZLQJHTXDWLRQ>@ORJG
  ORJN3 7KLVDSSURDFKUHVXOWV LQDQDYHUDJH
GLDPHWHU IRU $63 EHWZHHQ  WR  QP LH FRPSDUDEOH WR
YDOXHVREWDLQHGKHUHE\7(0DQG67(0
7KH HVWLPDWHG $O6L UDWLR RI  WR  IRU $63 VXJJHVWV WKH
IRUPDWLRQ RI VHFRQGDU\ DOXPLQRVLOLFDWHV VXFK DV LPRJROLWH $
GLVWLQFWDOXPLQRVLOLFDWHSKDVHZDVKRZHYHUQRW LGHQWLILHGKHUH
E\ FRPSDULVRQ ZLWK WKH ;UD\ GLIIUDFWLRQ SDWWHUQ RI SRWHQWLDO
SUHFLSLWDWHVVXFKDVLPRJROLWHDQGDOORSKDQH:LOVRQHWDO>@
LGHQWLILHG E\ )7,5 DQG 105 6L DQG $O D PL[WXUH RI
SURWRLPRJROLWH DQG GLVRUGHUHG DOORSKDQH LQ DOXPLQRVLOLFDWH
SUHSDUDWLRQVSUHSDUHGDWS+E\PL[LQJ$ODQG6LVROXWLRQVDW
UDWLRVEHWZHHQDQG $O6L+RZHYHU WKH\XVHGPXFK
PRUHFRQFHQWUDWHGVROXWLRQVRI$ODQG6L0$OFKORULGHDQG
0VRGLXPPHWDVLOLFDWH WRSUHSDUH WKHDOXPLQRVLOLFDWHJHO WKDW
ZDV VXEVHTXHQWO\ FROOHFWHG DQG GULHG IRU DQDO\VLV :KHWKHU
VLPLODUDOXPLQRVLOLFDWHVVSHFLHVDUHSUHVHQW LQ WKHPRUHGLOXWH
$ODQG6LVROXWLRQVSUHSDUHGKHUHLVQRWNQRZQEXWDPL[WXUHRI
DOXPLQRVLOLFDWH VSHFLHV LV FHUWDLQO\ SRVVLEOH 1RWDEO\
DOXPLQRVLOLFDWHV IRUPHG LQ VLWX LQ FHOOXODU O\VRVRPHV RI WKH
GLJHVWLYHJODQGLQZDWHUVQDLOV/\PQDHDVWDJQDOLVDUHRIWKH
VDPH VL]H DQG $O6L UDWLR DV WKRVH IRUPHG KHUH 7KHVH ZHUH
SURSRVHG WR EH DOORSKDQH PDWHULDO DQG VLPLODU LQ VWUXFWXUH WR
SURWRLPRJROLWH >@7KH ODFNRISKDVH LGHQWLILFDWLRQRI WKH$63
PDWHULDOUHSRUWHGKHUHLVQRWWRRVXUSULVLQJLWLVDQDQRSDUWLFOH
ZLWKRQO\VKRUWWRPHGLXPUDQJHRUGHU ,WVVPDOOVL]HaQP
DQGJLYHQFU\VWDOOLQHVWUXFWXUHVXJJHVW WKDW LWPD\EHDQHDUO\
VSHFLHV HJ LQLWLDO IRUPHG XQLW RU SUHFXUVRU IRU VXEVHTXHQW
DQG GLVWLQFW DOXPLQRVLOLFDWH IRUPDWLRQ DV VHHQ E\ :KLWH HW DO
>@DQG:LOVRQHWDO>@
:H FRQVLGHUHG WKH SRVVLELOLW\ WKDW $63 LGHQWLILHG KHUH E\
7(0 DQG 67(0 ZDV IRUPHG GXULQJ VDPSOH SUHSDUDWLRQ LH
WKHUHZDVDQDOWHUDWLRQLQWKHRULJLQDOVWUXFWXUHGXULQJGU\LQJRI
WKHVDPSOHVSULRUWRRUGXULQJ7(067(0DQDO\VLV&HUWDLQO\
WKHUHZDVVRPHYDULDELOLW\ LQ WKH ODWWLFHVSDFLQJ+RZHYHUZH
GRQ¶WEHOLHYHWKLVWREHWKHFDVHDVILQGLQJVZHUHFRPSDUDEOH
EHWZHHQWKHDTXHRXVPHWKRGVXVHGKHUHDQGPLFURVFRS\ZLWK
UHVSHFW WRSDUWLFOHVL]HVRI$63DQG+636XEWOHUFKDQJHVDW
WKH OHYHO RI 7(067(0 PD\ KDYH RFFXUUHG EXW LQ QR ZD\
FKDQJH WKH RYHUDOO PHVVDJH RI WKLV ZRUN 8QIRUWXQDWHO\ WKH
GLOXWH VROXWLRQV XVHG KHUH ZHUH QRW VXLWDEOH IRU PHDQLQJIXO
DQDO\VLV E\ 105 RU E\ GLUHFW OLJKW VFDWWHULQJ PHWKRGV $Q
DOWHUQDWLYH DSSURDFK FRXOG EH WR XVH WKH SOXQJH IUHH]LQJ
)LJXUH&RPSHWLWLRQEHWZHHQKLJK$ODIILQLW\VLOLFDSRO\PHUDQGKXPDQDSRWUDQVIHUULQIRU$OELQGLQJ&RPSHWLWLRQVWXGLHV
ZLWKKXPDQDSRWUDQVIHUULQ7KH$OWUDQVIHUULQFRPSOH[0$O,,,DQGPJP/DSRWUDQVIHUULQZDVWLWUDWHGZLWKWKHKLJK$O
DIILQLW\ VLOLFD SRO\PHU +63 VTXDUHV DQG PRQRPHULF VLOLFD FLUFOHV DW S+   P0 VRGLXP ELFDUERQDWH DQG  P0 0236
EXIIHU7KHFRQFHQWUDWLRQRI$OWUDQVIHUULQFRPSOH[LQVROXWLRQZDVPHDVXUHGDWLWVDEVRUEDQFHPD[LPDDWQPDQGFRUUHFWHGIRU
YDULDWLRQLQEDVHOLQHEDFNJURXQGDWQP7RGHWHUPLQHWKHDPRXQWRI$O,,,GLVSODFHGDQGERXQGE\+63RUPRQRPHULFVLOLFD
WKH FRQFHQWUDWLRQ RI $OWUDQVIHUULQ FRPSOH[ LQ VROXWLRQ DW WKH GLIIHUHQW VLOLFD FRQFHQWUDWLRQV µ$¶ ZDV VXEWUDFWHG IURP WKH LQLWLDO
VWDUWLQJFRQFHQWUDWLRQRIWKH$OWUDQVIHUULQFRPSOH[LQVROXWLRQ$5HVXOWVDUHPHDQ6'RIWKUHHH[SHULPHQWV7KHGRWWHGOLQH
LQGLFDWHVWKHRQVHWRIVLOLFDSRO\PHUL]DWLRQ>@
GRLMRXUQDOSRQHJ
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PHWKRG UHFHQWO\ UHSRUWHG E\ +RQGRZ HW DO >@ ZKLFK VKRXOG
DOORZFORVHU LPDJLQJWRWKHK\GUDWHGGLVSHUVHGVWDWHDOWKRXJK
HYHQWKLVLVLQGLUHFW
'RXFHWHWDO>@KDYHSUHYLRXVO\UHSRUWHGRQWKHLQWHUDFWLRQ
EHWZHHQPRQRPHULFVLOLFDP06LDQGSRO\K\GUR[\$OWKDW
IRUP FROORLGDO K\GUR[\DOXPLQRVLOLFDWHV +$6 7KH\ UHSRUWHG
WKDW +$6 ZDV QRW IRUPHG LQ VROXWLRQV LQ ZKLFK $O K\GUR[LGH
SUHFLSLWDWLRQZDVQRWSUHGLFWHGVXJJHVWLQJWKDW+$6IRUPDWLRQ
LV GHSHQGHQW RQ WKH SULRU IRUPDWLRQ RI K\GUR[\DOXPLQXP
VSHFLHV >@ 7DNHQ WRJHWKHU ZLWK WKH ZRUN KHUHLQ WKHVH
VWXGLHV FRQILUP WKDW IRU VWURQJ LQWHUDFWLRQ WR RFFXU EHWZHHQ
VLOLFDDQG$O,,,DWQHXWUDOS+DW OHDVWRQHVSHFLHVKDV WREH
SRO\PHULF LHSRO\PHULF VLOLFDZLOO ELQGPRQRPHULF$O,,, LRQV
DVVKRZQKHUHDQGPRQRPHULFVLOLFDZLOOELQGSRO\K\GUR[\$O
VWURQJO\ DV UHSRUWHG E\ 'RXFHW HW DO >@ DQG ERWK
LQWHUDFWLRQV PD\ UHVXOW LQ WKH IRUPDWLRQ RI VHFRQGDU\
DOXPLQRVLOLFDWHV
7KH ELRORJLFDO UHOHYDQFH RI WKH DERYH ILQGLQJV LV QRW
LPPHGLDWHO\ FOHDU DV PRQRPHULF VLOLFD DSSHDUV WR EH
H[FOXVLYHO\ DEVRUEHG LQ WKH PDPPDOLDQ JXW >@ DQG WKXV
SRO\PHULFVLOLFDZRXOGKDYHWREHIRUPHGLQYLYRWREHHIIHFWLYH
LQ ELQGLQJ $O,,, LRQV LQ WKH SUHVHQFH RI ELRORJLFDO OLJDQG LH
WKHUHQHHGV WREHFHOOXODUDFFXPXODWLRQDQGSRO\PHUL]DWLRQRI
PRQRPHULF VLOLFD IRU LW WRKDYH$O ELQGLQJDFWLYLW\ LQ YLYR 7KH
DFFXPXODWLRQDQGFRQWUROOHGSRO\PHUL]DWLRQELRPLQHUDOL]DWLRQ
RI PRQRPHULF VLOLFD KDV EHHQ GHVFULEHG LQ GLDWRPV DQG
VSRQJHV EXW QRW LQ PDPPDOV >±@ +RZHYHU :KLWH DQG
FROOHDJXHV KDYH GHVFULEHG LQ WKH IUHVKZDWHU VQDLO /\PQDHD
VWDJQDOLV WKH LQWUDFHOOXODU DFFXPXODWLRQ RI 6L DQG LWV FR
ORFDOL]DWLRQZLWK$O,,, DVQDQRVL]HG+$6 LQUHVSRQVHWR$O
LQGXFHG EHKDYLRUDO WR[LFLW\ DV D PHFKDQLVP IRU WKH
GHWR[LILFDWLRQRI$O,,,>@,WLVQRWFOHDULIVLPLODUPHFKDQLVPV
H[LVWLQKLJKHUOLIHIRUPVPDPPDOVWRGHDOZLWK$O,,,WR[LFLW\
EXWWKHXELTXLW\DQGDEXQGDQFHRIERWKHOHPHQWVLQWKHQDWXUDO
HQYLURQPHQW OHDGXV WRVXJJHVW WKDWVXFKDPHFKDQLVPFRXOG
EH ZLGHVSUHDG ,QGHHG WKH FRORFDOL]DWLRQ RI $O DQG 6L LQ
OLSRIXVFLQJUDQXOHVRI WKHEUDLQVRIGHPHQWLDSDWLHQWVDQG WKH
LQFUHDVHG H[FUHWLRQ RU UHGXFHG UHDEVRUSWLRQ RI $O,,, ZLWK
LQJHVWLRQ RI KLJK GRVH RI PRQRPHULF VLOLFD DV RXWOLQHG LQ WKH
,QWURGXFWLRQPD\SURYLGHVRPHHYLGHQFH IRU WKLV LQPDPPDOV
>@7KHUHPD\DOVREHHQYLURQPHQWDOQLFKHVWKDWDOORZWKLV
NLQG RI FKHPLVWU\ WR SURFHHG FUHDWLQJ DOXPLQRVLOLFDWHV IURP
SRO\PHULFVLOLFDRULJLQV>@
&RQFOXVLRQ
7KH ILQGLQJV IURP RXU VWXGLHV VXJJHVW WKDW WKH LQ YLWUR
LQWHUDFWLRQ EHWZHHQ GLOXWH VROXWLRQV RI KLJK $ODIILQLW\ VLOLFD
SRO\PHU +63 DQG $O,,, LRQV UHVXOWV LQ WKH IRUPDWLRQ RI
FU\VWDOOLQH $OULFK VLOLFD QDQRSDUWLFOHV $63 7KH HVWLPDWHG
$O6L UDWLR  DQG VPDOO VL]H a  QP VXJJHVW $63 DV DQ
HDUO\ VSHFLHV IRU VXEVHTXHQW DOXPLQRVLOLFDWH IRUPDWLRQ
0RUHRYHU +63 FRPSHWHV YHU\ HIIHFWLYHO\ ZLWK KXPDQ
DSRWUDQVIHUULQ IRU DOXPLQXP LRQV DQG WKXV $63 PD\ DFW DV D
VLQNRUVWRUDJHIRU$O,,,LRQVLQWHUPVRIPHWDEROLFDQGFHUWDLQ
HQYLURQPHQWDOSURFHVVHV
6XSSRUWLQJ,QIRUPDWLRQ
)LJXUH 6  7(0 DQDO\VLV RI WKH KLJK $ODIILQLW\ VLOLFD
SRO\PHU
'2&
$FNQRZOHGJHPHQWV
:H DUH JUDWHIXO WR WKH (365& IRU DFFHVV WR WKH 8. QDWLRQDO
IDFLOLW\ IRU DEHUUDWLRQ FRUUHFWHG 67(0 6XSHU67(0 DQG 'U
$QGUHZ%OHORFKIRUSURYLGLQJWKH67(0DQDO\VLV:HWKDQN'U
:LOOLDP &RRN IRU KLV KHOS LQ FRQGXFWLQJ WKH WUDQVIHUULQ
H[SHULPHQWV
$XWKRU&RQWULEXWLRQV
&RQFHLYHGDQGGHVLJQHG WKHH[SHULPHQWV5---33HUIRUPHG
WKHH[SHULPHQWV5-$3%0'$QDO\]HGWKHGDWD5---3$3%
0' &RQWULEXWHG UHDJHQWVPDWHULDOVDQDO\VLV WRROV $3% 0'
:URWHWKHPDQXVFULSW5---3$%0'
5HIHUHQFHV
 .OHLQ&5HYLHZVLQPLQHUDORJ\KHDOWKHIIHFWVRIPLQHUDOGXVW,Q
*' -U *XWKULH%7 0RVVPDQ 5RFNV PLQHUDOV DQG D GXVW\ ZRUOG
:DVKLQJWRQ'&%RRNFUDIWHUV,QFS
 3DUILWW5/ $OORSKDQHDQG LPRJROLWH UROH LQVRLOELRJHRFKHPLFDO
SURFHVVHV &OD\ 0LQHUDOV   GRLFOD\PLQ

 <DQJ;</pRQDUG$/HPDLUH$7LDQ*6X%/6HOIIRUPDWLRQ
SKHQRPHQRQ WR KLHUDUFKLFDOO\ VWUXFWXUHG SRURXV PDWHULDOV GHVLJQ
V\QWKHVLV IRUPDWLRQ PHFKDQLVP DQG DSSOLFDWLRQV &KHP &RPPXQ
&DPEGRLFFFI3XE0HG
 %URZQ 6+  =HROLWHV LQ FDWDO\VLV KDQGERRN RI JUHHQ FKHPLVWU\
1HZ-HUVH\:LOH\	6RQV
 *RGRL5+%UDJD'00DUNDURUVND<$OIROG\%&DUYDOKR)LOKR0$HW
DO  ,QKDEOH SDUWLFXODWH PDWWHU IURP OLPH LQGXVWULHV FKHPLFDO
FRPSRVLWLRQ DQG GHSRVLWLRQ LQ KXPDQ UHVSLUDWRU\ WUDFW $WPRVSKHULF
(QYLURQGRLMDWPRVHQY
 /RPHU0&7KRPSVRQ533RZHOO--)LQHDQGXOWUDILQHSDUWLFOHV
RIWKHGLHWLQIOXHQFHRQWKHPXFRVDOLPPXQHUHVSRQVHDQGDVVRFLDWLRQ
ZLWK &URKQ¶V GLVHDVH 3URF 1XWU 6RF   GRL
3163XE0HG
 :KLWH .1 (MLP $, :DOWRQ 5& %URZQ $3 -XJGDRKVLQJK 5 HW DO
 $YRLGDQFH RI DOXPLQXP WR[LFLW\ LQ IUHVKZDWHU VQDLOV LQYROYHV
LQWUDFHOOXODU VLOLFRQíDOXPLQXP ELRLQWHUDFWLRQ (QYLURQ 6FL 7HFKQRO 

 'HVRXN\ 0 -XJGDRKVLQJK 5 0F&URKDQ &5 :KLWH .1 3RZHOO --
 $OXPLQXPGHSHQGHQW UHJXODWLRQ RI LQWUDFHOOXODU VLOLFRQ LQ WKH
DTXDWLFLQYHUWHEUDWH/\PQDHDVWDJQDOLV3URF1DWO$FDG6FL86$
GRLSQDV3XE0HG
 )ODWHQ 73  $OXPLQLXP DV D ULVN IDFWRU LQ $O]KHLPHU¶V GLVHDVH
ZLWK HPSKDVLV RQ GULQNLQJ ZDWHU %UDLQ 5HV %XOO   GRL
6
 ([OH\ &  $ PROHFXODU PHFKDQLVP RI DOXPLQLXPLQGXFHG
$O]KHLPHU¶V GLVHDVH" - ,QRUJ %LRFKHP   GRL
63XE0HG
 ([OH\&5HIOHFWLRQVXSRQDQGUHFHQWLQVLJKWLQWRWKHPHFKDQLVP
RIIRUPDWLRQRIK\GUR[\DOXPLQRVLOLFDWHVDQGWKHWKHUDSHXWLFSRWHQWLDORI
VLOLFLFDFLG&RRUG&KHP5HY
 6ZDGGOH 7:  6LOLFDWH FRPSOH[HV RI DOXPLQLXP,,, LQ DTXHRXV
V\VWHPV&RRUG&KHP5HY
 -XJGDRKVLQJK55HIILWW'02OGKDP&'D\-3)LILHOG/.HWDO
2OLJRPHULF EXW QRW PRQRPHULF VLOLFD SUHYHQWV DOXPLQXP DEVRUSWLRQ LQ
KXPDQV$P-&OLQ1XWU3XE0HG
+LJK$OXPLQXP$IILQLW\6LOLFD1DQRSDUWLFOHV
3/2621(_ZZZSORVRQHRUJ  'HFHPEHU_9ROXPH_,VVXH_H
 (GZDUGVRQ -$ 0RRUH 3% )HUULHU ,1 /LOOH\ -6 1HZWRQ *:$ HW DO
(IIHFWRIVLOLFRQRQWKHJDVWURLQWHVWLQDODEVRUSWLRQRIDOXPLQLXP
/DQFHWíGRL
 %LUFKDOO-'([OH\&&KDSSHOO-63KLOOLSV0-$FXWH WR[LFLW\RI
DOXPLQLXP WR ILVK HOLPLQDWHG LQ VLOLFRQULFK DFLG ZDWHUV 1DWXUH 
GRLD
 %HOOLD3%LUFKDOO-'5REHUWV1% 7KH UROHRIVLOLFLFDFLG LQ WKH
UHQDOH[FUHWLRQRIDOXPLQLXP$QQ&OLQ/DE6FL3XE0HG

 )DUPHU9&/XPVGRQ'*$QDVVHVVPHQWRIFRPSOH[IRUPDWLRQ
EHWZHHQ DOXPLQLXP DQG VLOLFLF DFLG LQ DFLGLF VROXWLRQV *HRFKLP
&RVPRFKLP$FWDGRL
 $QVHDX 05 /HXQJ -3 6DKDL 1 6ZDGGOH 7:  ,QWHUDFWLRQV RI
VLOLFDWHLRQVZLWK]LQF,,DQGDOXPLQXP,,,LQDONDOLQHDTXHRXVVROXWLRQ
,QRUJ &KHP   GRLLFF 3XE0HG

 ,OHU5.7KHFKHPLVWU\RIVLOLFDVROXELOLW\SRO\PHULVDWLRQFROORLG
DQG VXUIDFH SURSHUWLHV DQG ELRFKHPLVWU\ 1HZ <RUN -RKQ :LOH\ 	
6RQV
 7D\ORU3'-XJGDRKVLQJK53RZHOO-- 6ROXEOHVLOLFDZLWKKLJK
DIILQLW\ IRUDOXPLQXPXQGHUSK\VLRORJLFDODQGQDWXUDOFRQGLWLRQV-$P
&KHP6RFGRLMDQ
 -XJGDRKVLQJK5.LQUDGH6'3RZHOO--,VWKHUHD%LRFKHPLFDO
5ROHIRU6LOLFRQ",Q3&ROOHU\,0D\QDUG77KHRSKDQLGHV/.KDVVDQRYD7
&ROOHU\ 0HWDO ,RQV LQ %LRORJ\ DQG 0HGLFLQH 9RO ; 3DULV-RKQ /LEEH\
(XURWH[WSS
 'REELH -: 6PLWK 0-%  6LOLFDWH QHSKURWR[LFLW\ LQ WKH
H[SHULPHQWDODQLPDOWKHPLVVLQJIDFWRULQDQDOJHVLFQHSKURSDWK\6FRWW
0HG-3XE0HG
 9DQKDHULQJHQ%'HODQJH)9DQVWRNNXP,6UDL6.6(YDQV5:HWDO
 '\QDPLF VWUXFWXUH RI KXPDQ VHUXP WUDQVIHUULQ IURP WUDQVLHQW
HOHFWULF ELUHIULQJHQFH H[SHULPHQWV 3URWHLQVB6WUXFWXUH )XQFWLRQ DQG
*HQHWLFVGRLSURW
 'LHW]HO 0  'LVVROXWLRQ RI VLOLFDWHV DQG WKH VWDELOLW\ RI SRO\VLOLFLF
DFLG *HRFKLP &RVPRFKLP $FWD   GRL
6
 ,OHU5.&ROORLGDOFRPSRQHQWVLQVROXWLRQVRIVRGLXPVLOLFDWH,Q
$PHULFDQ &KHPLFDO 6RFLHW\ HGLWRU 6ROXEOH VLOLFDWHV   $&6
6\PS6HUSS
 +DQVHQ 3/ %U\GVRQ 5 0F&RPE ': 5LFKDUGVRQ ,  ((/6
ILQJHUSULQWRI$OFRRUGLQDWLRQLQVLOLFDWHV0LFURVF0LFURDQDO0LFURVWUXFW
GRLPPP
 )DWHPL 6- .DGLU )+ 0RRUH *5  $OXPLQLXP WUDQVSRUW LQ EORRG
VHUXP %LQGLQJ RI DOXPLQLXP E\ KXPDQ WUDQVIHUULQ LQ WKH SUHVHQFH RI
KXPDQ DOEXPLQ DQG FLWUDWH %LRFKHP -   3XE0HG

 7UDSS*$3ODVPDDOXPLQXPLVERXQGWRWUDQVIHUULQ/LIH6FL
GRL3XE0HG
 &RFKUDQ 0 &RDWHV - 1HRK 6  7KH FRPSHWLWLYH HTXLOLEULXP
EHWZHHQ DOXPLQLXP DQG IHUULF LRQV IRU WKH ELQGLQJ VLWHV RI WUDQVIHUULQ
)(%6/HWWGRL3XE0HG

 &RFKUDQ 0 &RFKUDQ 0 &RDWHV -+ .XUXFVHY 7  'LUHFW
VSHFWURSKRWRPHWULFGHWHUPLQDWLRQRIWKHWZRVLWHELQGLQJRIDOXPLQXPWR
WUDQVIHUULQ/LIH6FLGRL
3XE0HG
 -XJGDRKVLQJK 5  6ROXEOH VLOLFD DQG DOXPLQLXP ELRDYDLODELOLW\
3K'WKHVLV8QLYHUVLW\RI/RQGRQ
 +DMLPRKDPPDGL $ 3URYLV -/ YDQ 'HYHQWHU -6  2QH3DUW
*HRSRO\PHU0L[HVIURP*HRWKHUPDO6LOLFDDQG6RGLXP$OXPLQDWH,QG
(QJ&KHP5HVGRLLH
 'LHW]HO08VGRZVNL(+RHIV-&KHPLFDODQG&&DQG2
2LVRWRSHHYROXWLRQRIDONDOLQHGUDLQDJHZDWHUVDQG WKHSUHFLSLWDWLRQ
RIFDOFLWH$SSO*HRFKHP
 :LOVRQ 0$ 0F&DUWK\ 6$ )UHGHULFNV 30  6WUXFWXUH RI SRRUO\
RUGHUHG DOXPLQRVLOLFDWHV &OD\ 0LQHUDOV   GRL
FOD\PLQ
 +RQGRZ1%U\GVRQ5:DQJ3+ROWRQ0'%URZQ05HWDO 
4XDQWLWDWLYH &KDUDFWHUL]DWLRQ RI 1DQRSDUWLFOH $JJORPHUDWLRQ ZLWKLQ
%LRORJLFDO 0HGLD - 1DQRSDUW 5HV   GRL
V
 'RXFHW)-6FKQHLGHU&%RQHV6-.UHWFKPHU$0RVV,HWDO
7KHIRUPDWLRQRIK\GUR[\DOXPLQRVLOLFDWHVRIJHRFKHPLFDODQGELRORJLFDO
VLJQLILFDQFH *HRFKLP &RVPRFKLP $FWD   GRL
6
 &KD-16KLPL]X.=KRX<&KULVWLDQVHQ6&&KPHOND%)HWDO
6LOLFDWHLQ ILODPHQWV DQG VXEXQLWV IURP D PDULQH VSRQJH GLUHFW WKH
SRO\PHUL]DWLRQRIVLOLFDDQGVLOLFRQHVLQYLWUR3URF1DWO$FDG6FL86$
GRLSQDV3XE0HG
 6KLPL]X.&KD-6WXFN\*'0RUVH'(6LOLFDWHLQĮ&DWKHSVLQ
/OLNHSURWHLQLQVSRQJHELRVLOLFD3URF1DWO$FDG6FL86$±
GRLSQDV3XE0HG
 .U|JHU 1 'HXW]PDQQ 5 %HUJVGRUI & 6XPSHU 0  6SHFLHV
VSHFLILFSRO\DPLQHV IURPGLDWRPVFRQWURO VLOLFDPRUSKRORJ\3URF1DWO
$FDG 6FL 8 6 $   GRLSQDV
3XE0HG
 .U|JHU1'HXW]PDQQ56XPSHU03RO\FDWLRQLFSHSWLGHVIURP
GLDWRP ELRVLOLFD WKDW GLUHFW VLOLFD QDQRVSKHUH IRUPDWLRQ 6FLHQFH 
GRLVFLHQFH3XE0HG
 7RNXWDNH6$FFXPXODWLRQRIDOXPLQXPDQGVLOLFRQ LQ OLSRIXVFLQ
JUDQXOHVVXJJHVWVUHWDUGDWLRQRIEORRG±EUDLQEDUULHUIXQFWLRQE\DJLQJ
$QQ 1 < $FDG 6FL   GRLM
WE[3XE0HG
 7RNXWDNH 6 1DJDVH + 0RULVDNL 6 2\DQDJL 6  $OXPLQLXP
GHWHFWHG LQ VHQLOH SODTXHV DQG QHXURILEULOODU\ WDQJOHV LV FRQWDLQHG LQ
OLSRIXVFLQ JUDQXOHV ZLWK VLOLFRQ SUREDEO\ DV DOXPLQRVLOLFDWH 1HXURVFL
/HWW   GRL$ 3XE0HG

 7HLHQ +& .URJOXQG ) $WODQG $ 5RVVHODQG %2 6DOEX % 
6RGLXP VLOLFDWH DV DOWHUQDWLYH WR OLPLQJUHGXFHG DOXPLQLXP WR[LFLW\ IRU
$WODQWLF VDOPRQ 6DOPR VDODU / LQ XQVWDEOH PL[LQJ ]RQHV 6FL 7RWDO
(QYLURQ   GRLMVFLWRWHQY 3XE0HG

 :RQLVFK + *HUDUG ) 'LHW]HO 0 -DIIUDLQ - 1HVWUR\ 2 HW DO 
2FFXUUHQFH RI SRO\PHUL]HG VLOLFLF DFLG DQG DOXPLQXP VSHFLHV LQ WZR
IRUHVWVRLOVROXWLRQVZLWKGLIIHUHQWDFLGLW\*HRGHUPDGRL
MJHRGHUPD
+LJK$OXPLQXP$IILQLW\6LOLFD1DQRSDUWLFOHV
3/2621(_ZZZSORVRQHRUJ  'HFHPEHU_9ROXPH_,VVXH_H
